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In order to cope with the high particle rate and
high pileup environment of the HL-LHC, the
CMS MUON system has been upgraded during
the LS2.

* Upgrade detector electronics
* Replacement of ageing electronic parts

* Increase event reconstruction capabilities
particularly in forward region

» Extend acceptance

Ece Asilar - CMS iRPC

R (m)

4

-—

A
\ v »
\ \ A
\ \ 1
’ \‘ \ \\ \
\
1 \ \ \ A
KN N A I Y
A} A Al A

Solenoid magnet

HCAL

II‘]]II"I|

ECAL

Silicon
tracker

NS EERTR RES T ETE

1

~5------

-1 1.2 33.%°

TH-3 130152

| 14 21.7°

4 1.5 25.2°

1.6 22.8°

1.7 20.7°

1.8 18.8°
1.9 17.0°
2.0 1564°

04 1a0°
|

22 126°

23 15

24 104°

J25 94°

j28 7.0°

= 30 5.7°
L

- M40 2.1°


https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709
https://agenda.infn.it/event/28874/sessions/21493/#20220709

n 0.1
8° 84.3°

78.6° 73.1°

— o

| Solenoid magnet |

Silicon
tracker

IRPCs will be installed to the

2 outer stations of the CMS
endcap within 1.8 < |n| < 2.4
in RE3/1 and RE4/1.
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‘ Present ' IRPC

system
In| coverage 0-1.9 1.8-2.4
M?x expected 600 Hz/cm? 2 kHz/cm?
rate
gSafe%/ factor
= 3 included)

Max integrated ~0.8C/lcm? ~1.0C/cm?
charge at 3 ab™

(SF = 3 included)

® granularity ~0.3° ~0.2
M resolution ~20cm ~2cm
T resolution 1.5 ns <1lns

* New detector front-end electronics are

validated

* Reduced electrode and gas gap thickness
(1.4 mm vs present 2 mm)
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2 outer stations of the CMS = Y=Y
endcap within 1.8 < |n| < 2.4 - @ Efficiency > 90% everywhere if IRPC hits in
in RE3/1 and RE4/1. i BeEe the endcap muon track finder trigger

‘ algorithm RE4/1.
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The 1RPC chamber

Graphite coating

gakelite  Spacer | wpviar shosts 0T I * Double-gap IRPC detectors
N\ N\ » Each gap made of two 1.4 mm low-
= = — resistivity (order of 10"°Qcm)
e » High Pressure Laminate electrodes
C\D) — ————— I D Separated by a gas gap of the same
,‘ thickness.
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Gas gaps Anode strips —

* The new layout reduces the amount of the avalanche charge produced by
the passage of a charged particle through the detector.

* This improves the RPC rate capability by reducing the needed time to collect
this charge.
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/a The 1RPC front-end electronic

To cope with the lower charge signal of the IRPC at
the same time to keep the IRPC efficiency high, the
new front-end electronics are designed.

The new FEB is sensitive, has low-noise and high
time resolution.

The FEB composed of :
3 Erni connectors with 32 channels each
6 ASICs PETIROC 2C (top & bottom)
3 FPGAs Cyclone V (non rad-hard)
e GBTx/ GBT-SCA/VTRX.
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Readout principle of the iIRPC

The LHC Beam Pipe: ‘

Low Radius (LR)

W\ | /4

* Two readout panels: made of a thin (0.6 mm) Printed Circuit
Board (PCB)

Each PCB has 48 strips and equipped with a FEB.
* To identify the position along the strip, the read out of the IRPC

detectors is from both sides of a strip end, low radius (LR) and
high radius (HR).
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Readout principle of the iIRPC

The LHC Beam Pipe: ‘

Low Radius (LR)

s

* 3 Erni connectors for each of the FEB
e Total 96 channels

* The 2 ends of a strip is connected to a different PETIROC

* The position of the particle hit along the strip: time difference
between the two signal arrival times.

*Max delta time =
Strip + (LR to erni) - (HR to Erni) ~= 20 ns

Min delta time =
(LR to erni) - strip - (HR to Erni)
~=4 ns
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.-.HT_im'e and Space ‘

CMS Muon Preliminary CERN 904 Lab 'CMS Muon Preliminary CERN 904 Lab

' B e e s * The time difference between two channels without
delay line is measured : RMS of 23 ps

* As the value of the delay line increases, the time
difference between the two channels also increases
linearly, with a maximum deviation of 0.1 ns.
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"T' i 5 e wwer of the two scintillators.
N » The time difference distribution between both ends o

I
|
: L Is 160 ps after rejecting the noise, which translates to
l
\ ;

a positional resolution of 1.5 cm along the strip using
the formula Ay = (v x AT)/2

0.10—

0.05 -

N/ ' -» A'
PMIT 4 Scis

T/

..

lcm

..........................................................

rarnalsian J
°°°4321o12345678
AT =Tig - THr (ns)

Ece Asilar - CMS iRPC 10



CMS

GIlF++

Located at the end of CERN SPS

>
~—
o v
Y—
R
3
S
)
7,
oy
&t
aw
o ot
(14D
aw
U
1
oyt

Gamma

Ece Asilar - CMS iRPC




l\% Performance of 1IRPC detector in GIF+

CMS MUON Preliminary GIF++
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/\% Performance of 1IRPC detector in GIF++

_ CMS MUON Preliminary GIF++
ﬁ — [ plateau[%] = 100, WP = 7.17 kV, Eff(WP)[%] = 99 , y position w.r.t HR [cm]: 80
§ : A plateau[%] = 98, WP = 7.11 kV,Eff(WP)[%] = 97,y position w.r.t HR [cm]: 60
% — V'  plateau[%] = 99, WP = 7.08 kV, Eff(WP)[%] = 99, y position w.r.t HR [cm]: 50
E : g= plateau[%] = 99, WP = 7.08 kV, Eff(WP)[%] = 98 , y position w.r.t HR [cm]: 40
5 qop ", oI5 I =7 8KV =08,y poson it o 2 - Efficiency from different regions of the chamber.
é | No bkg source
I  The efficiency at WP is 98+1%.
80—
I * The WP is defined as HVknee +120 V.
60 —
- * The data is collected at the GIF++ facility during
40 — Test Boarm in June 2025 the June 2022 test beams.
= 1.4 mm double gap iRPC
B FEB v2.2 Petiroc 2C
20—
- Threshold = 32 [fC]
— Autoreset ON
_ v v b b b

o
-

62 64 66 68 7 72 74 76
HV_ [kV]
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/\% Performance of 1IRPC detector in GIF++

_ CMS MUON Preliminary GIF++
EfflClency versus effectlve h |g h Voltage Wlth §, : V plateau[%] = 99, WP = 7.08 kV, No bkg source,Eff(WP)[%] = 98
Va rlous baCk rou nd rateS at WP c:f B B plateau[%] = 96, WP = 7.11 kV}y bkg rate (WP) = 0.5 kHz/cni,Eff(WP)[%] = 96
g 5 _ _ ' .g A plateau[%] = 96, WP = 7.15 kVy bkg rate (WP) = 0.9 kHz/cri, Ef(WP)[%] = 95
At 09 kHZ/ cm WhICh IS above the eXpeCted E : g plateau[%] = 94, WP = 7.21 kVyy bkg rate (WP) = 1.3 kHz/cnf,Eff(WP)[%)] = 93
baCkg round rate of Phase |l (O 1 kHz/ sz), the = | @ plateau[%] = 94, WP = 7.23 kVy bkg rate (WP) = 1.6 kHz/crd, Ef(WP)[%] = 92
efﬁciency at WP iS measured aS 95%. §100..__._ ......................................................................
Estimated efficiency at 2 kHz/cm2is ~90%. I
80—
100.0 CMS MUON Preliminary GIF++ i
_975- * 60 B
S (I I
% 92.5 * i
. * 40 B Test Beam in June 2022
> 90.0- * - 1.4 mm double gap iRPC
@ 875 20 B FEB v2.2 Petiroc 2C
H‘;’ 85.0 - i Threshold = 32 [fC]
- 82.5 - B Autoreset ON
80.0 1— | | | | 0_|*|||||| coa o b b b by
0.0 0.5 1.0 1.5 2.0 6.2 6.4 6.6 6.8 7 7.2 7.4 7.6
vy cluster rate at WP [kHz/cm?] HV . [kV]
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. Performance of iRPC detector in GIF++
a Average charge per gamma cluster

Average charge per gamma cluster at the WP versus CMS MUON Preliminary GIF++
gamma background rates at the associated WP
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The charge is calculated using the average of the
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Four demonstrator chambers have
just been installed in CMS cavern at
the end of LS2. The picture on the left
to right exhibit the final position of the
demonstration chambers

RE+4/1/15,16 and RE+3/1/15,16
respectively.




Recent commissioning of demonstrator

chambers at CMS Cavern showed/confirmed:
*low noise (~1 Hz/cmZ2) with final CMS endcap
disk grounding,

*normal/stable operation temperature in CMS
endcap closed mode and CMS endcap water
cooling,

*no interference with CSC (both RE3/1 and
RE4/1),

*normal operation in 3.8T magnetic field
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Pertformance of demonstrator iRPC
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MS :
/a Conclusion

* The Front end electronic is validated.
* IRPC Validation with and without background are successful.
* [rradiation studies with gamma and neutron are successful.

- Commissioning of demonstrator chambers at CMS Cavern is successful. Ormomc CMS
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